This paper deals with the morphological evidence of the independency of the adrenocortical cells in bullfrogs from pituitary control. Male adult bullfrogs(Rana catesbeiana) were hypophysectomized during the hibernation period. Six days after hypophysectomy atrophy of cortical cells was indistinct: the spherical summer cells of Stilling containing lots of acidophilic granules increased in number, in particular remarkably so in the deeper areas of the gland, and the polygonal possible "intermediate cells" between the summer and the lipid cell multiply simultaneously. Nine days after the removal, lipid cells were not yet profoundly degenerated, but the heavily vacuolated lipid cells were more frequently found. On the contrary, summer cells decreased in number and lost their acidophilic granules. Irrespective of hypophysectomy, mitotic cells were often detected in the immature lipid cells. When bullfrogs were hypophysectomized during the breeding period and post-spawning season, the lipid and acidophilic summer cells underwent no affections 10 days after the operation. Thus, the intrinsic seasonal variation during the breeding period and post-spawning period was not modified by hypophysectomy. The neoformation of lipid cells following hypophysectomy during the hibernation period suggested that the adrenocortical cells in bullfrogs might be less controlled by the hypophysis.
Since Carstensen et al.(1960) demonstrated for the first time that aldosterone made up a large part of the adrenocrotical steroids extracted from the amphibian adrenal, the frog has been generally regarded as the particular species whose adrenals secrete a large amount of aldosterone. In addition, much evidence has accumulated that the secretion of aldosterone in mammals is less controlled by adrenocorticotrophin (Rauschkolb et al., 1956; Venning et al., 1956; Grabbe et al., 1959; Denton et al., 1960) , but greatly regulated by the renin-angiotensin system (Davis et al., 1961; Ganong and Marlow, 1962; Gross et al., 1965; Laragh et al., 1966) .It could be naturally expected that the adrenal cortex of frogs is free from the control of the hypophysis to some extent, because it contains a large amount of aldosterone. However, as far as the author knows, there have been no reports presenting morphological evidence of adrenal independency from the hypophysis in frogs.
The amphibian interrenal tissue is homologous to the mammalian adrenal cortex for the reason that both organs have the same mesodermal origin, developing into the mesothelial cells situated on the posterior ab-dominal wall. This interrenal tissue represents the anastomosing cords without zonation which consist of the lipid cell and acidophilic summer cell described by Stilling(1887) despite being non-specific to the summer season. It has been an established fact in mammals that the zona glomerulosa is not atrophic following hypophysectomy, and this zone has been thought to be the site of aldosterone secretion. It is interesting to discuss how the adrenocortical cell of the amphibia corressponds to the glomerulosa cell in the mammal. This paper describes the histological changes in the adrenocortical cells of hypophysectomized bullfrogs. 
OBSERVATIONS
1. February frogs a) Control Adrenals of intact control bullfrogs in February are composed of three kinds of cells, i.e. the polygonal lipid cell, the spherical acidophilic cell corresponding to the acidophilic"summer cell" described by Stilling(1887) and the chromaffine medullary cells of irregular shape. These three kinds of cell form anastomosing cords which are distributed at ramdom without zonation. Extensive observations on the entire area of the gland suggested to us a tendency that the population of summer cells is higher in the superficial areas than in the deeper areas. The transverse sections of the cell-cords represent the islands surrounded by connective tissues and blood capillaries. The cell-cords in the deeper area consist of many"compact lipid cells" with many fine vacuoles (van Kamenade and van Dongen 1965) , the intervening summer cells and the possible"intermediate cells" between the summer and lipid cell (Fig. 1) . The cytoplasm of the intermediate cell is acidophilic and simultaneously includes a small number of fine fat granules as described by Nakamura(1967) .
It is a characteristic of the hibernating frogs that the"compact lipid cells" are most numerous in the deeper or deepermost area of the gland. Because of their amorphous matrix devoid of fat vacuoles, these compact cells might possibly be a resting cell or a lipid cell not fully differentiated. b) Hypophysectomy Six days after hypophysectomy, there were no retrogressive changes in the whole dimension of the gland. No atrophic signs in the nuclei and cytoplasm were detectable in any cells (Fig. 2) . As a matter of fact, lipid cells containing a number of big fat vacuoles which may be formed by fusion of small ones were not susceptible to increase following hypophysectomy. Reversely, summer cells rather increased in number in the deeper area, where the dark crescent-shaped nuclei are often located at the periphery of hypertrophied cytoplasm, probably due to the long-term storage of acidophilic granules (Fig. 2 ). In the deeper area, the polygonal cells which contain a small number of fat droplets multiplied considerably (Fig. 2 ). These cells may be identical with the"intermediate cell" between the summer and the lipid cell.
Nine days after hypophysectomy, there was evidence that many summer cells might be aged: they lost their acidophilic character and shrank(Figs, 3 and 4, double arrows), and eventually regressed into hyperchromatic degeneration. As a consequence, the distinction between the involuted summer cells and the"intermediate cell" became easier. The present observations impressed us that the typical acidophilic summer cells were reduced in total number. On the other hand, the elongated nuclei often found both in the superficial and deeper areas may appertain to the immature lipid cells whose cytoplasm is devoid of the large fat globules. The mitotic some pale cells with characteristics of immature lipid cells (Figs. 3 and 4) . It was noted that the heavily vacuolated lipid cells decreased in number.
Frogs in the end of March a) Control
Summer cells appeared to be activated during the breeding season since histological liferated and enlarged. Figure 5 indicates that the whole dimension of the adrenal of March frogs was occupied by the expanding, round or ellipsoid pale summer cells. Their coarse granules no longer had an affinity for eosin and azocarmin, but were stained yellow with orange-G (Fig. 5) . During the breeding season, the immature lipid cells were sparsely distributed among the predominant summer cells; the heavily vacuolated lipid cells almost disappeared. All lipid cells contained few fat granules. Their nuclei were irregular in shape, elongated or crooked. The high population of summer cells is in good contrast with the low frequency of lipid cells during the breeding and post-spawning season. The ratio of both cells was equal in the whole area regardless of the localization of the cell-cords. b) Hypophysectomy The above seasonal variation during the breeding period was not modified by hypophysectomy. The structure of the summer and the lipid cell following hypophysectomy resembled truely that of the control frogs (see Figs. 5 and 6) . This non-response to hypophysectomy suggests that some unknown intrinsic factors by which the seasonal variation of the adrenocortical cells is determined are so far stronger than the effect of adrenocorticotrophin.
Frogs in the beginning of May a) Control
The seasonal variation during the breeding season terminated in May. In the deeper area of the adrenal, summer cells were diminished both in size and in number, acquiring the acidophilic character again. Although lipid cells were noted to increase in number, they kept up the infantile features, so that they were of the compact type. A cluster of nuclei accounted for a compensatory proliferation of lipid cells in response to an increase in number of summer cells during the breeding season. The mitotic pictures were also detected in a cluster of immature lipid cells in May.
b) Hypophysectomy The seasonal changes in May in addition could not be altered much by hypophysecto-my. Even 10 days after the operation, the deeper area of the adrenal was little different from that of the control(compare Fig. 9 with Fig. 10 ). The neoformation of the immature lipid cells and the reduction in population and size of the summer cells were not affected together by hypophysectomy in May.
Frogs in the end of September a) Control
In September, the adrenal was generally similar in structure with that in the hibernating February frogs. In the superficial area of the gland, the heavily vacuolated lipid cells were found frequently (Fig. 10) , while the deeper area was rich in the"compact lipid cell" (Fig. 9) . The heavily vacuolated lipid cells which had been often found in the superficial area in February were not detectable easily in September. Nevertheless, summer cells were distributed equally in every portion of the adrenal. They often included the pycnotic flat nuclei with the streched nuclear membrane in the center of the cell. The"intermediate cell" between the summer and the lipid cell grew thick in September, being especially quite numerous in the deeper area.
b) Hypophysectomy Ten days after hypophysectomy, loss of summer cells became more progressive than in the control. The summer cell was hard to distinguish from the spherical compact lipid cell, because the staining ability of the summer cell with eosin and azocarmin was lowered. Confusion in cell-diagnosis is characteristic of the initial phase of hibernation. Atrophy or degenerative signs are less serious in lipid cells. The heavily vacuolated lipid cells which may be associated with exhaustion were occasionally mingled with the immature or infantile lipid cells regardless of the localization. These exhausted lipid cells seemed to increase quantitatively. The major retrogressive change induced by hypophysectomy in September was an increase of heavily vacuolated lipid cells. On the other hand, mitotic enlarged pale cells(arrows in Figs. 11 and  12 ), which may be identical with the immature lipid cell. The irregularly shaped nuclei, elongated or crooked, often made a cluster (Fig.  12) . The shape of cell-bodies including the irregular nuclei suggests their assignment: they may be inherent in the immature lipid cells synonymous with the small"compact cells". There were no mitotic cells in the superficial area, where numerous unaffected summer cells survived.
DISCUSSION
Concerning the chronic changes in the adrenocortical cells of the hypophysectomized frogs, Sluiter et al.(1949) stated that Rana esculenta hypophysectomized during the nonbreeding season showed neither a response until two months after the removal, nor a severe atrophy of the gland until five to seven months thereafter. Smith(1950) pointed out that the hypophysectomized winter Rana esculenta survived in healthy condition for a long period of 40 days, and Oordt et al. (1951) claimed for a longer period of several months. On the other hand, the summer Rana esculenta died 24 to 28 hrs. after hypophysectomy(Fowler; Textbook of Jones 1958), but Rana pipiens had a resistance to hypophysectomy and survived for a long time. Levinsky and Sawyer(1953) observed that the prolongation of postoperative life in Rana pipiens following hypophysectomy was equal at any season of the year. Thus, the disturbance due to hypophysectomy is different in degree not only among the species(grass or water frog) but also in the seasons. No investigators have described how long bullfrogs can survive after hypophysectomy. In our observation, most of them remained alive beyond 5 to 10 days following hypophysectomy both during the breeding and hibernating period.
It was noted by Miller(1953) that the adrenocortical cells are more profoundly altered by hypophysectomy during the breeding season than during the hibernating period: he recognized a definite subacute response during the breeding season. According to him, the cell-cords of the adrenal in Rana esculenta had flattened within 12 days postoperative, and most adrenals were atrophied in one month to 75% of its preoperative size. Concerning the chronic change of the adrenals in hypophysectomized frogs(four months later), Miller described that 5 to 10% of the cortical cells still contain undegenerating nuclei and continue to secrete a small amount of hormone although the profoundly pycnotic nuclei reach 80 to 85% of the total number. Spannhof(1959) distinguished in Xenopus laevis different cell types which he called storing cell and restoring cell, and it was suggested by him from the changes in both cells following hypophysectomy that the function of interrenal cells shifts from the synthesis of secretion material to the storage of these products. Weber(1964, 1965) and Hanke(1966) made histological investigations of the adrenals in Rana temporaria. Carrying out the hypophysectomy in winter frogs(January, February) and spring frogs(March, April and May), they observed that the nuclei of all adrenocortical cells were deformed and the cytoplasm was more heavily vacuolated in winter frogs, while the nuclei of the cortical cells were less shrunken in spring frogs, and their cytoplasm remained with normal vacuolization. In agreement with the view of Hanke and Weber, the author could not confirm any subacute change in the adrenals of bullfrogs hypophysectomized during the breeding season. In our observation, no effect was noted of hypophysectomy upon the cortical cells during the breeding season. However some subacute changes were recognized in lipid cells during hibernation an increase in population of heavily vacuolated lipid cells resulted. This kind of cell may be regarded as a possible dysfunctioning one which, however, avoids collapse or death. In short, the atrophy of the adrenal in bullfrogs was less serious than that observed in hypophysectomized mammals. This result suggests that the frog's adrenal is less regulated by the hypophysis. It has been noted that the frog's adrenal secretes a small amount of glucocorticoid (Carstensen et al., 1960 ). The present observation, with reference to the foregoing observations of Nakamura (1967), led us to the following assumption concerning the lifespan of the cortical cell of bullfrogs: the primitive cortical cells which might be derived from the mesenchymal cells grew into the immature lipid cells which thereafter developed into the"compact cells" with fine fat vacuoles. The heavily vacuolated cells may be identical with the fully differentiated ones of the storage type. There is a possibility that the last ones could discharge their fat vacuoles and simultaneously accumulate their acidophilic granules, and finally may be transformed into the spherical acidophilic summer cells through the step of"intermediate cells". Since mitosis was always found in the immature lipid cells, it was postulated that the neoformation of lipid cells was stimulated by hypophysectomy with the consequence of exhaustion and loss of the summer cells. It was tentatively suggested from our results that the immature lipid cell might be homologous to the glomerulosa cell.
The finding that the mitosis was detected frequently in the immature lipid cells following hypophysectomy strongly suggested either the complete independency of the lipid cells from the pituitary control, or implied an effect of growth inhibitory factor contained in adrenocorticotrophin. Since the adrenal of bullfrogs contains a large amount of aldosterone as described before, it is reasonable to assume that the adrenal itself is greatly regulated by an extra-hypophyseoadrenal factor, for example by the renin-angiotension system. The fact that the seasonal variatin of the adrenals was too intrinsic to be modiseason has supported a concept that the adrenals of bullfrogs may be less controlled by hypophysis. 
